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’ HATTORI’ DANIELS & An axial gap type motor according to the present invention 
’ includes: a rotor; and a pair of stators Which are arranged to 

1250 CONNECTICUT AVENUE’ NW’ SUITE 700 face each other and hold the rotor from both sides thereof 
WASHINGTON’ DC 20036 along a rotation axis. The rotor includes: electromagnets 

_ Which are provided on the rotor as main magnets, and 
(73) Asslgnee? HONDA MOTOR CO‘, LTD‘: arranged along a circumferential direction so that directions 

Tokyo (JP) of magnetic ?uxes thereof are parallel to the rotation axis; and 
sub permanent magnets Which are provided on the rotor, 

(21) Appl. NO.I 11/947,260 arranged in the vicinities of circumferential end portions of 
the main magnets, and are magnetized orthogonal to the 

(22) Filed: Nov. 29, 2007 rotation axis and a radial direction. 
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AXIAL GAP TYPE MOTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to an axial gap type 
motor. 

[0003] Priority is claimed on Japanese Patent Application 
No. 2006-325397, ?led on Dec. 1, 2006, and Japanese Patent 
Application No. 2007-223053, ?led on Aug. 29, 2007, the 
contents of Which are incorporated herein by reference. 
[0004] 2. Description of RelatedArt 
[0005] Conventionally, an axial gap type permanent-mag 
net synchronous apparatus having a rotor and a pair of stators 
opposed to each other and holding the rotor therebetWeen 
from both sides of a rotation axis is knoWn. In the permanent 
magnet synchronous apparatus, a magnetic ?ux loop is 
formed via the pair of stators With respect to a magnetic ?eld 
?ux by a permanent magnet of the rotor (refer to Japanese 
Unexamined Patent Application, First Publication No. H10 
271784, and Japanese Unexamined Patent Application, First 
Publication No. 2001-136721, for example). 
[0006] The above conventional permanent-magnet syn 
chronous apparatus has a problem in Which practicable revo 
lutions and torque are limited to certain values by generation 
of prescribed back electromotive voltage in accordance With 
an induced voltage constant in high-revolution region since 
the induced voltage constant is a ?xed value according to a 
construction of the rotor having the permanent magnet or the 
like. 

SUMMARY OF THE INVENTION 

[0007] The present invention is achieved in vieW of the 
above-mentioned circumstances and has an object to provide 
an axial gap type motor in Which an induced voltage constant 
can be varied While restraining an increase of a permanent 
magnetic required for a construction of a motor. 
[0008] An axial gap type motor according to the present 
invention includes: a rotor; and a pair of stators Which are 
arranged to face each other and hold the rotor from both sides 
thereof along a rotation axis, and the rotor includes: electro 
magnets as main magnets and arranged along a circumferen 
tial direction so that directions of magnetic ?uxes thereof are 
parallel to the rotation axis; and sub permanent magnets 
arranged in the vicinities of circumferential end portions of 
the main magnets, and are magnetiZed orthogonal to the 
rotation axis and a radial direction. 
[0009] According to the axial gap type motor of the present 
invention, the state of the axial gap type motor can be set to a 
strong ?eld in Which a magnetic ?eld is converged by an effect 
of a magnetic ?ux lens oWing to the main magnets and the sub 
permanent magnets in a Halbach array or a Weak ?eld in 
Which a short-circuit of magnetic paths are generated 
betWeen the main magnets and the sub permanent magnets. 
Thus, magnetic ?ux linkage Which links With a stator Wire of 
the stators is increased or decreased by the magnetic ?eld ?ux 
of the main magnets and the sub permanent magnets, so that 
the induced voltage constant is variable. As a result, a range of 
practicable revolutions and a range of torque of the axial gap 
type motor can be enlarged Without increasing the permanent 
magnets constructing the rotor; therefore, driving e?iciency 
can be improved and the operable range in high ef?ciency can 
be enlarged. 
[0010] In the axial gap type motor of the present invention, 
the electromagnets may include: yokes of Which sectional 
shapes orthogonal to the rotation axis are substantially fan 
shape; a Winding Which is Wound around the yokes, and the 
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axial gap type motor may further includes a slip ring Which 
connects the Windings With an electric source. 
[0011] In this case, the induced voltage constant can be 
varied While preventing a construction of the axial gap type 
motor from complication. 
[0012] The axial gap type motor of the present invention 
may have a structure in Which the sub permanent magnets 
Which are adjacent to each other along the circumferential 
direction are arranged so that same poles thereof face each 
other. 
[0013] In this case, the effect of the magnetic ?ux lens 
oWing to a Halbach array of the main permanent magnets and 
sub permanent magnets can be utiliZed effectively When the 
axial gap type motor is set to the strong ?eld; alternately, the 
short-circuit of the magnetic path betWeen the main perma 
nent magnets and the sub permanent magnets can be utiliZed 
effectively When the axial gap type motor is set to the Weak 
?eld. Therefore, magnetic ?ux linkage in Which the main 
permanent magnets and the sub permanent magnets link the 
stator Windings of the stators can be increased or decreased 
suitably; thus, variable range of the induced voltage constant 
can be enlarged. 
[0014] The axial gap type motor of the present invention 
may have a structure in Which a pair of the sub permanent 
magnets Which are adjacent to each other along the circum 
ferential direction are disposed so as to be shifted from the 
electromagnets to either side along the rotation axis, and the 
axial gap type motor may further includes: an electrical 
device Which reverses an electrical state from the electric 
source to the Winding; and a setting device Which sets: a 
strong ?eld state in Which same magnetic pole as a facing pole 
of the sub permanent magnetic Which is faced to is applied at 
a position Where the electric magnets are shifted; and a Weak 
?eld state in Which the other magnetic pole from a facing pole 
of the sub permanent magnetic Which is faced to is applied at 
a position Where the electric magnets are shifted by the elec 
trical device. 
[0015] In this case, the axial gap type motor is suitably set 
to the strong ?eld of the Weak ?eld by the setting device. 
[0016] The axial gap type motor according to the present 
invention may have a structure in Which the main magnets 
include the electromagnets and the main permanent magnets. 
[0017] In this case, since the plurality of main magnets are 
constructed by the electromagnets and the main permanent 
magnets, While preventing the permanent magnets construct 
ing the rotor from increasing excessively, desired magnetic 
?eld ?ux can be maintained even if the current to the electro 
magnets becomes erratic. 
[0018] The axial gap type motor according to the present 
invention may have a structure in Which the sub permanent 
magnets are arranged With regular intervals along the circum 
ferential direction. 
[0019] In this case, the plurality of sub permanent magnets 
are arranged along the circumferential direction at regular 
intervals. Both of or one of a pair of the sub permanent 
magnets can be omitted, Which are disposed betWeen the 
main magnets adjacent to each other along the circumferen 
tial direction, and each of Which is shifted to either side along 
the rotation axis. As a result, a desired magnetic ?eld ?ux can 
be maintained While preventing the permanent magnets con 
structing the rotor from excessive increase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a perspective vieW shoWing an axial gap 
type motor of an embodiment according to the present inven 
tion. 



US 2008/0129136 A1 

[0021] FIG. 2 is an exploded perspective vieW showing a 
rotor of the axial gap type motor of the embodiment according 
to the present invention With a principal portion of a rotor 
frame. 
[0022] FIG. 3 is a perspective vieW showing a principal 
portion of an electromagnet of the rotor of the embodiment 
according to the present invention. 
[0023] FIG. 4 is an exploded perspective vieW shoWing the 
rotor of the axial gap type motor of the embodiment according 
to the present invention. 
[0024] FIG. 5 is a sectional vieW shoWing the rotor of the 
axial gap type motor according to the embodiment of the 
present invention. 
[0025] FIG. 6 is an exploded perspective vieW shoWing a 
principal portion of a rotor of an axial gap type motor accord 
ing to a ?rst modi?cation of the embodiment of the present 
invention. 
[0026] FIG. 7 is an exploded vieW from a radial direction 
shoWing the rotor of the axial gap type motor of the ?rst 
modi?cation of the embodiment according to the present 
invention. 
[0027] FIG. 8 is an exploded perspective vieW shoWing a 
principal portion of a rotor of an axial gap type motor accord 
ing to a second modi?cation of the embodiment of the present 
invention. 
[0028] FIG. 9 is an exploded vieW from a radial direction 
shoWing the rotor of the axial gap type motor of the second 
modi?cation of the embodiment according to the present 
invention. 
[0029] FIG. 10 is an exploded perspective vieW shoWing a 
principal portion of a rotor of an axial gap type motor accord 
ing to a third modi?cation of the embodiment of the present 
invention. 
[0030] FIGS. 11A and 11B are exploded vieWs from a 
radial direction shoWing a rotor of an axial gap type motor of 
a fourth modi?cation of the embodiment according to the 
present invention. 
[0031] FIGS. 12A and 12B are exploded vieWs from a 
radial direction shoWing a rotor of an axial gap type motor of 
a ?fth modi?cation of the embodiment according to the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] An embodiment of an axial gap type motor accord 
ing to the present invention Will be described With reference to 
the draWings. 
[0033] An axial gap type motor 10 of the present embodi 
ment has, as shoWn in FIG. 1, a rotor 11 having substantially 
a circle-shape and being provided so as to be rotatable around 
a rotation axis O of the axial gap type motor 10, and a pair of 
stators 12 holding the rotor 11 therebetWeen from both sides 
along O, facing each other, and having stator Windings of 
phases generating a rotating magnetic ?eld rotating the rotor 
11. 
[0034] The axial gap type motor 10 is mounted on, for 
example, a vehicle such as a hybrid vehicle, a motor vehicle, 
and the like. The driving force of the axial gap type motor 10 
is transmitted via a transmission (not illustrated) to driving 
Wheels of the vehicle (not illustrated) by connecting an output 
shaft to an input shaft of the transmission. 
[0035] the axial gap type motor 10 functions as a generator 
and generates regenerative braking force, and recovers 
kinetic energy of the vehicle as electric energy (i.e., regen 
erative energy) When the driving force is transmitted from the 
driving Wheels to the axial gap type motor 10 While deceler 
ating the vehicle. Furthermore, in the hybrid vehicle, When 
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rotation shaft of the axial gap type motor 10 is connected to a 
crank shaft of an internal-combustion engine (not illustrated), 
the axial gap type motor 10 functions as a generator and 
generates electric energy also When an output poWer of the 
internal-combustion engine is transmitted to the axial gap 
type motor 10. 
[0036] The stators 12 have a substantially circular plate 
shaped yoke portion 21, teeth 22 projecting toWard the rotor 
11 and extending along a radial direction from a surface of the 
yoke portion 21 facing the rotor 11 With prescribed intervals 
along a circumferential direction, and a stator Winding (not 
illustrated) Wound betWeen the teeth 22. 
[0037] The stators 12 are 6N type stators having six main 
poles (e.g., U", V", W", U“, V“, and W“). One ofthe stators 12 
has a U+ pole, aV+ pole, and a W+ pole; the other stator 12 has 
a U“ pole, a V“ pole, and a W“ pole. The U+ pole, the V+ pole, 
and the W+ pole of the stator 12 face the U“ pole, the V“ pole, 
and the W- pole of the other stator 12 along the rotation axis 
direction O. 
[0038] For example, With respect to the pair of stators 12 
facing each other along the rotation axis O, three teeth 22 
corresponding to the U+ pole, the V+ pole, and the W+ pole of 
the stator 12 faces three teeth 22 corresponding to the U- pole, 
the V“ pole, and the W“ pole of the other stator 12 along the 
rotation axis O direction. Electrical states of the teeth 22 of the 
stator 12 and the teeth 22 of the other stator 12 facing each 
other along the rotation axis O are inversed in electrical 
degrees. 
[0039] The rotor 11 has, as shoWn in FIG. 2, magnetic poles 
31, sub permanent magnets 32 Which are magnetiZed 
orthogonal to the rotation axis and the radial direction, and a 
rotor frame 33 formed from non-magnetic material. 
[0040] The rotor frame 33 has an inner portion 35 and an 
outer cylindrical portion 36 connected With each other via 
radial ribs 34 arranged With prescribed intervals along the 
circumferential direction. The inner portion 35 is formed in a 
circular-plate shape and connected to an external drive shaft 
(e.g., an input shaft of a transmission of a vehicle). 
[0041] The magnetic poles 31 disposed in the rotor frame 
33 are held betWeen the inner portion 35 and the outer cylin 
drical portion 36 along the radial direction and adjacent to 
each other along the circumferential direction With the radial 
ribs 34 therebetWeen. 

[0042] The magnetic poles 31 have, as shoWn in FIGS. 2 to 
4 for example, electromagnets 41 Which generate magnetic 
?ux parallel to the rotation axis O, and a pair of substantially 
fan-plate shaped magnetic members 42 Which hold the elec 
tromagnets 41 there betWeen from both sides of the rotation 
axis O. 

[0043] The sub permanent magnets 32 are arranged at cir 
cumferential end portions of the electromagnets 41. 
[0044] Each electromagnet 41 has, as shoWn in FIG. 3 and 
FIG. 4 for example, a substantially bobbin-shaped yoke 51 in 
Which a center axis thereof is parallel to the rotation axis O, 
and a coil 52 (i.e., a Winding) Wound on the yoke 51 around 
the center axis. The pair of magnetic members 42 are ?xed to 
the yoke 51 so as to hold the yoke 51 from both sides along a 
thickness direction (i.e., a direction parallel to the rotation 
axis O). 
[0045] The electromagnets 41 Which are adjacent along the 
circumferential direction in the rotor frame 33 are arranged so 
that respective magnetic ?uxes are generated in opposite 
directions. In other Words, an electromagnet 41 of Which the 
coil 52 is Wound clockWise is adjacent along the circumfer 
ential direction to an electromagnet 41 of Which the coil 52 is 
Wound counter clockWise. 
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[0046] One of the inner portion 35 and the outer cylindrical 
portion 36 Which holds the electromagnets 41 from both sides 
of the radial direction therebetWeen in the rotor frame 33, e. g., 
the inner portion 35 is provided With concave grooves 35a 
extending parallel to the rotation axis 0 on the outer circum 
ferential surface thereof. A connecting Wire 5211 Which con 
nects the coils 52 of the electromagnets 41 adjacent along the 
circumferential direction or a leading Wire 52b Which is led 
out from the prescribed coil 52 is equipped With the concave 
grooves 35a. 
[0047] The sub permanent magnets 32 are arranged 
betWeen the magnetic poles 31 Which are adjacent along the 
circumferential direction at both sides of the rotation axis 0. 
The sub permanent magnets 32 Which are adjacent along the 
circumferential direction hold the magnetic members 42 of 
the magnetic poles 31 therebetWeen from both sides of the 
circumferential direction. 
[0048] As a result, the sub permanent magnets 32 at one 
side of the rotation axis 0 and the sub permanent magnets 32 
at the other side of the rotation axis 0 face each other along 
the rotation axis 0 direction via the radial ribs 34 of the rotor 
frame 33. 
[0049] The pair of sub permanent magnets 32 Which face 
each other along the circumferential direction via the mag 
netic member 42 are magnetiZed in different directions from 
each other. Also, the pair of sub permanent magnets 32 Which 
face each other along the rotation axis 0 via the radial ribs 34 
of the rotor frame 33 are magnetiZed in different directions 
from each other. 
[0050] That is to say, When the pair of sub permanent mag 
nets 32 Which face each other along the circumferential direc 
tion at one side of the rotation axis 0 are arranged so that the 
N-pole thereof face each other, the pair of sub permanent 
magnets 32 Which face each other along the circumferential 
direction at the other side of the rotation axis 0 are arranged 
so that the S-pole thereof face each other. 
[0051] As a result, With respect to a magnetic pole Which 
can be virtually set at either side of the rotation axis 0 With 
respect to the magnetic ?ux Which is generated by the elec 
tromagnets 41 of the magnetic pole 31 and a facing magnetic 
pole of the pair of sub permanent magnets 32 Which face the 
above electromagnets 41 along the circumferential direction 
at either side of the rotation axis 0, at either side of the 
rotation axis 0, a strong ?eld is generated When the magnetic 
pole of the electromagnet 41 and the facing poles of the pair 
of sub permanent magnets 32 are the same pole; or a Weak 
?eld is generated When the magnetic pole of the electromag 
nets 41 and the facing poles of the pair of sub permanent 
magnets 32 are the same. 

[0052] That is to say, When a strong ?eld is generated, 
oWing to the effect of a magnetic ?ux lens by a Halbach array 
of the electromagnets 41 and the pairs of sub permanent 
magnets 32, the magnetic ?uxes of the electromagnets 41 and 
the pairs of sub permanent magnets 32 are converged; and 
effective ?uxes Which link the stators 12 are relatively 
increased. 
[0053] When a Weak ?eld is generated, at either side of the 
rotation axis 0, short-circuit magnetic paths are generated 
betWeen the electromagnets 41 and the pairs of sub perma 
nent magnets 32; and effective ?uxes Which link the stators 12 
are relatively decreased. 
[0054] As shoWn in FIG. 5, among the electromagnets 41 of 
the magnetic poles 31 attached in the rotor frame 33, the 
electromagnet 41 having a coil 52 to Which the leading Wire 
52b is connected is connected to an external poWer controller 
62 (i.e., an electrical device and a setting device) via a slip ring 
61. 
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[0055] The slip ring 61 includes ring portions 6111 Which 
are ?xed to the rotor 11, and brush portions 61b Which are 
?xed to the stator 12. The poWer controller 62 is connected to 
the brush portions 61b via connecting Wires 62a. 
[0056] The poWer controller 62 has a bridge circuit or the 
like and can reverse the electrical state of the electric source 

(not illustrated) to the coils 52; as a result, the electrical state 
of the axial gap type motor 10 can be sWitched betWeen a 
strong ?eld and a Weak ?eld. 

[0057] As described above, according to the axial gap type 
motor 10 of the present embodiment, the state of the axial gap 
type motor 10 can be set to a strong ?eld in Which the mag 
netic ?eld is converged by the effect of the magnetic ?ux lens 
oWing to the electromagnets 41 and the sub permanent mag 
nets 32 in a Halbach array or a Weak ?eld in Which the 
short-circuit of the magnetic paths are generated betWeen the 
electromagnets 41 and the sub permanent magnets 32. Thus, 
magnetic ?ux linkage Which links With a stator Wire of the 
stators 12 is increased or decreased by the magnetic ?eld ?ux 
of the electromagnets 41 and the sub permanent magnets 32, 
so that the induced voltage constant is variable. As a result, the 
range of practicable revolutions and the range of torque of the 
axial gap type motor 10 can be enlarged Without increasing 
the permanent magnets constructing the rotor 11; therefore, 
the driving e?iciency can be improved and a drivable region 
in high-e?iciency can be enlarged. 
[0058] Furthermore, since direct current is transmitted 
from the poWer controller 62 to the electromagnets 41 via the 
slip ring 61, voltage ?uctuations are relatively small With loW 
frequency, so that Wastage of the slip ring 61 can be 
restrained, and the construction of the poWer controller 62 
becoming complicated can be prevented. 
[0059] In addition, even if the current to the electromagnets 
41 becomes erratic, a desired magnetic ?eld ?ux can be 
maintained by providing the sub permanent magnets 32. 
[0060] The pairs of sub permanent magnets 32 are provided 
betWeen the magnetic poles 31 adjacent to each other along 
the circumferential direction in the above embodiment; hoW 
ever, the present invention is not limited to this embodiment. 
For example, as shoWn in FIGS. 6 to 9, the sub permanent 
magnets 32 may be arranged along the circumferential direc 
tion With regular intervals. In addition, as shoWn in FIGS. 6 
and 7 of the ?rst modi?cation, both of the sub permanent 
magnets 32 can be omitted, Which are disposed betWeen the 
magnetic poles 31 adjacent to each other along the circum 
ferential direction, and each of Which is shifted to either side 
along the rotation axis 0. Alternatively, as shoWn in FIGS. 8 
and 9 of a second modi?cation, one of the sub permanent 
magnets 32 can be omitted, Which are disposed betWeen the 
magnetic poles 31 adjacent to each other along the circum 
ferential direction, and each of Which is shifted either side 
along the rotation axis 0. 
[0061] In the ?rst modi?cation shoWn in FIGS. 6 and 7, 
With respect to gaps betWeen the plurality of magnetic poles 
31, tWo gaps betWeen the magnetic poles 31 With pairs of the 
sub permanent magnets 32 and tWo gaps betWeen the mag 
netic poles 31 Without pairs of the sub permanent magnets 32 
are arranged alternately along the circumferential direction. 
[0062] In the second modi?cation shoWn in FIGS. 8 and 9, 
With respect to gaps betWeen the plurality of magnetic poles 
31, tWo gaps betWeen the magnetic poles 31 With pairs of sub 
permanent magnets 32 at one side of the rotation axis 0 and 
tWo gaps betWeen the magnetic poles 31 Without pairs of sub 
permanent magnets 32 at the other side of the rotation axis 0 
are arranged alternately along the circumferential direction. 
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[0063] According to the ?rst and second modi?cations, the 
desired magnetic ?eld ?ux can be maintained While prevent 
ing increasing unnecessary permanent magnets for constitut 
ing the rotor 11. 
[0064] Note, the electromagnets 41 in FIGS. 7 and 9 are set 
to produce a strong ?eld. 
[0065] In the ?rst and second modi?cations, non-magnetic 
material member (more preferably, non-magnetic and non 
conducting material member) may be disposed Where the sub 
permanent magnets 32 are omitted; alternately, empty spaces 
may be provided. 
[0066] The magnetic poles 31 are provided With the elec 
tromagnets 41 and a pair of the magnetic members 42 in the 
above embodiment; hoWever, the present invention is not 
limited to the above embodiment. For example, as shoWn in 
FIG. 10 of a third modi?cation, main permanent magnets 71 
may be replaced for any of the magnetic poles 31 among the 
plurality of the magnetic poles 31. 
[0067] In the third modi?cation, With respect to the mag 
netic poles 31 arranged along the circumferential direction, 
the electromagnets 41 and the main permanent magnets 71 
are arranged alternately along the circumferential direction. 
The main permanent magnets 71 have substantially a fan 
shape the same as the magnetic member 42 and magnetiZed 
along the rotation axis 0. 
[0068] As a result, the permanent magnets are prevented 
from excessive increase for constructing the rotor 11 and a 
desired magnetic ?eld ?ux can be maintained even if the 
current to the electromagnets 41 becomes erratic. 
[0069] In addition, in the third modi?cation, as the ?rst and 
second modi?cation described above, the plurality of sub 
permanent magnets 32 may be arranged along the circumfer 
ential direction With regular intervals. Also, as shoWn in 
FIGS. 11A and 11B of a fourth modi?cation, both of the sub 
permanent magnets 32 can be omitted, Which are disposed 
betWeen the magnetic poles 31 adjacent to each other along 
the circumferential direction, and each of Which is shifted to 
either side along the rotation axis 0. Alternatively, as shoWn 
in FIGS. 12A and 12B of a ?fth modi?cation, one of the sub 
permanent magnets 32 can be omitted, Which are disposed 
betWeen the plurality of magnetic poles 31 adjacent to each 
other along the circumferential direction, and each of Which is 
shifted to either side along the rotation axis 0. 
[0070] In the fourth modi?cation shoWn in FIGS. 11A and 
11B, With respect to gaps betWeen the plurality of magnetic 
poles 31, tWo gaps Without a pair of sub permanent magnets 
32 and tWo gaps With a pair of sub permanent magnets 32 are 
arranged alternately along the circumferential direction. Fur 
ther, a pair of the sub permanent magnets 32 are omitted at 
both ends of the subscribed electromagnets 41 or the main 
permanent magnet 71 along the circumferential direction. 
[0071] In the ?fth modi?cation shoWn in FIGS. 12A and 
12B, With respect to gaps betWeen the plurality of magnetic 
poles 31, tWo gaps betWeen the magnetic poles 31 With pairs 
of sub permanent magnets 32 at one side of the rotation axis 
0 and tWo gaps betWeen the magnetic poles 31 Without pairs 
of sub permanent magnets 32 at the other side of the rotation 
axis 0 are arranged alternately along the circumferential 
direction. Further, one of the sub permanent magnets 32 is 
omitted at both ends of the subscribed electromagnets 41 or 
the main permanent magnet 71 along the circumferential 
direction. 
[0072] The electromagnets 41 shoWn in FIGS. 11A, 11B, 
12A and 12B are set to produce a strong ?eld 
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[0073] In the fourth and ?fth modi?cations, non-magnetic 
material member (more preferably, non-magnetic and non 
conducting material member) may be disposed Where the sub 
permanent magnets 32 are omitted; alternately, empty spaces 
may be provided. 
[0074] While preferred embodiments of the invention have 
been described and illustrated above, it should be understood 
that these are exemplary of the invention and are not to be 
considered as limiting. Additions, omissions, substitutions, 
and other modi?cations can be made Without departing from 
the spirit or scope of the present invention. Accordingly, the 
invention is not to be considered as being limited by the 
foregoing description, and is only limited by the scope of the 
appended claims. 

What is claimed is: 
1. An axial gap type motor comprising: 
a rotor; and 
a pair of stators Which are arranged to face each other and 

hold the rotor from both sides thereof along a rotation 
axis, Wherein the rotor includes: 

electromagnets as main magnets, and arranged along a 
circumferential direction so that directions of magnetic 
?uxes thereof are parallel to the rotation axis; and 

sub permanent magnets arranged in the vicinities of cir 
cumferential end portions of the main magnets, and are 
magnetiZed orthogonal to the rotation axis and a radial 
direction. 

2. The axial gap type motor according to claim 1, Wherein 
the electromagnets include: 

yokes of Which sectional shapes orthogonal to the rotation 
axis are substantially fan-shape; and 

a Winding Which is Wound around the yokes, and 
the axial gap type motor further comprises a slip ring Which 

connects the Windings With an electric source. 
3. The axial gap type motor according to claim 1, Wherein 

the sub permanent magnets Which are adjacent to each other 
along the circumferential direction are arranged so that the 
same poles thereof face each other. 

4. The axial gap type motor according to claim 2, Wherein 
a pair of the sub permanent magnets Which are adjacent to 
each other along the circumferential direction are disposed so 
as to be shifted from the electromagnets to either side along 
the rotation axis, the axial gap type motor further comprising: 

an electrical device Which reverses an electrical state from 
the electric source to the Winding; and 

a setting device Which sets: a strong ?eld state in Which the 
same magnetic pole as a pole facing the sub permanent 
magnet Which is applied at a position Where the electric 
magnets are shifted; and a Weak ?eld state in Which the 
other magnetic pole from a pole facing the sub perma 
nent magnet Which is applied at a position Where the 
electric magnets are shifted by the electrical device. 

5. The axial gap type motor according to claim 1, Wherein 
the main magnets include the electromagnets and the main 
permanent magnets. 

6. The axial gap type motor according to claim 1, Wherein 
the sub permanent magnets are arranged With regular inter 
vals along the circumferential direction. 

* * * * * 


